INTRODUCTION
Termites are social insects that belong to the Isoptera order. They are occasionally associated with severe damage to rangeland vegetation, particularly, in degraded arid and semi-arid ecosystems. Termites are destructive structural pests as well as agricultural pests found primarily in the tropical regions of the world, where they play an important ecological role in the recycling of Wood and other cellulose-based materials (Abdurahaman, *Corresponding author. E-mail: atsbha1415@gmail.com.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License 1990). There are currently approximately 2,800 named termite species in 282 genera worldwide. Of the most economically important termite spp. Macrotermes subhyalinus (Rambur) and Microtermes adschaggae (Sjosted) are widely observed in the region (Abdurahman, 1990) .
Currently, many regions of the world are subjected to expansions and/or invasions of subterranean termites. In some areas, including Ethiopia, termite constitutes a significant pest problem in agriculture. In general, plants exotic to the specific area and water-stressed plants are most prone to attack by termites. They are serious pests of a wide range of crops, forest trees and buildings in Western Ethiopia (Hailemichael Taye et al., 2013; Legesse et al., 2013) . It is also the most economically important insect pest of many crops in Tanqua Abergelle district.
Termite infestation and damage starts while plants are standing in the field. A soil infested with termite mostly resulted in distortion of soil structures and compactions. Hence soil becomes difficult to plough, this in turn results in a reduction of productivity of crops. Termites are devastating insect pests which caused 36 to 62% reduction in yields of hot pepper and maize, respectively. Termites also cause severe devastations on the forest, and thus soil remains bare and exposed to elements of soil erosion (Abraham, 1990; Kumar and Pardeshi, 2011; Bong et al., 2012) . As a result, farmers are forced to leave their farmlands (Abraham and Adane, 1995) . Yield loss depends on the type of crop, the extent of stand reduction and the attack at the different growth stage of the crops by termites. Abdurahaman (1990) , stated that 45% crop removal at the six-leaf resulted in 16.5% of yield loss, whereas the same reduction at the tasseling stage caused 39.9% yield loss. Addisu et al. (2014) also stated that severe infestation of termite spp. could cause up to 100% crop losses in Ethiopia.
Unlike the effect on the environment and cost, the use of some chemical insecticides are highly effective against termite (Kumar et al., 2012) . Chemical spray with Dursban is highly effective in the management of wood destroying termites (Roll, 2007) . The possibilities of using different control measures such as fungal insecticides, bio-insecticides and botanical method rather than chemical insecticides have been reported (Silva et al., 2012; Sujatha et al., 2012) . The application of crop residue and cattle manure reported reducing the number of termites on crop fields' by 21.6 and 29.7% compared to non-treated fields (Legesse et al., 2013) . There are also many plant-based botanicals that could act against termites in crop fields and vegetations. The latex and quinines of some botanicals like Calotropis procera, Ipomoea fistulosa, Maesa lanceolata, Croton macrostachyus, Tegetes minuta, Datura stramonium and Azadirachta indica are reportedly used for the management of termites throughout the world (Derbalah et al., 2012; Singha et al., 2013; Upadhyay, 2013) . The Gebreslasie and Meressa 99 use of indigenous plant extracts as an alternative for insect pest control also reported (Abdullahi et al., 2011; Sathyaseelan et al., 2008) . The use of leaf powders of Azadirachta indica and Maesa lanceolata were found to be effective in controlling termite on hot pepper at Bako (Sisay, et al., 2008) . According to Venmalar and Nagaveni (2005) , Neem extract contains toxic constituents exhibiting high toxicities against different microbes and insect pests. Some research works had been conducted to investigate the effectiveness of biopesticides against termite. However, the assortments of best commercial products are limited and insufficient to fulfil the requirements of small-scale farmers throughout Tigray region. Hence, the study was initiated to evaluate the performance of the application of chemical, botanical, and cultural control methods with respect to plots maintained with no termite control activities to screen the best termite control strategies.
MATERIALS AND METHODS

Description of study area
The experiment was carried out during 2015/2016 production season for two years. It was undertaken at Sheka Tekli kebele of Tanqua Abergelle district where termite is the main production constraints of pepper seedlings. The study area is located at 13°14'06" N Latitude and 38°58'50"E longitudes and its average altitude are below 1500 m above sea level (Figure 1 ). The area is characterized as hot warm sub-moist low land (SML-4b) and the average annual rainfall ranges from 350 -700 mm with minimum and the maximum temperature is 24 and 41°C respectively.
Experimental materials and design
The experiment comprised four types of management methods including chemical, botanical treatment, the cultural method using Wood ash and termite infested checks. The treatments were arranged using a Randomized Complete Block Design (RCBD) and each treatment was replicated thrice. Twelve experimental plots including check were used. Finally, all experimental units were treated uniformly at the same time. Dursban, Neem leaf extract, and wood ash were treated at a rate of 0.5 L, 24 and 6 kg per hectare basis respectively. The spacing between plants, rows, pathway and block were 2, 15, 50 and 100 cm respectively.
Preparation and application of Neem extracts and Wood ash
Fresh leaves of Neem were collected, sun-dried for three days and ground into powder using mortar and pistol. Likewise, 12 g of Neem leaf powder was weighed and dissolved in 120 mL of water. The suspension was fermented for half a day, eventually strained and poured into a liter of water. 20 g of detergent (emulsifier) was measured and thoroughly mixed with the extract to ensure uniform distribution of active ingredients while seedling beds were treated. Seedbeds were immediately covered with a layer of soil after the extract was sprayed to reduce rapid evaporation of extracts from the bed.
On the other hand, a well-prepared 5 kg of wood ash was weighed and spread uniformly to the seedling beds. Eventually, the ashes were properly mixed with the soil ahead of sowing the seeds of hot pepper. Unlike the botanicals, the ash was spread a day ahead of sowing the seeds of the vegetable crop.
Data collection and analysis
The seedling beds were regularly monitored every seven days until seedlings were ready for transplanting. Basic data such as the number of seedlings at 75% seedling emergence, number of seedlings at 16 days after seedling emergence, seedling survival rate at 16 days after seedling emergence, number of seedlings at transplanting and number of damaged seedlings at transplanting were collected and subjected to statistical software for analysis. SAS Statistical Software Package (SAS, 2001) was employed both for analysis of variance and for determination of mean separation among differently treated seedling beds. The prevention and infestation rate (percentage) of management practices were determined based on the following formula:
Where, PR (%) = stands for prevention rate; DS UTSB= number of damaged seedlings on untreated seedling beds; DSTSB= Number of damaged seedlings on treated seedling beds, IR (%) = stands for infestation rate respectively.
Cost-benefit analysis
The partial budget analysis was manipulated to assess the economic feasibility of new management options of termite to be imposed on the agricultural business. It was implemented to organize data and generate information about the cost incurred and the benefits gained from various agricultural options. The marginal rate of return was used to measure the effect of investing additional capital on net returns of the newly implemented management options compared with the existed practices. It provides the value of the benefit obtained from the additional cost being incurred. The partial budget analysis was done based on the additional cost incurred to the variable and fixed costs to each of the management practices. Nevertheless, it was considered that the total costs incurred for land rent were equal to both management practices. Therefore, the impact on the additional rate of return remains constant among management options. The price of the input (cost of chemicals, botanicals, ash and the labour cost) and the products (seedling price) were determined based on the seasonal market prices at the local market. Finally, the marginal rate of return (MRR) was determined as suggested (Kelly et al., 2005) income compared with control (untreated plots) and DIC = Difference in input cost compared with control (untreated plots).
RESULTS AND DISCUSSION
Expected and actual number of seedling at 16 days after emergence
The germination and emergence status of seedlings were relatively good while seeds were sown until few weeks after emergence. Two weeks later (16 days after emergence), a number of seedlings in some beds showed wilting symptoms due to termites and eventually some of them died due to severe infestation by termites. Despite this, there was a relative difference in the level of infestation among management practices; both termite and the damaged seedlings were observed in all beds treated with dursban, neem leaf extract, and wood ash. However, the infestation prevailed in those beds treated with wood ash and the untreated checks. Based on the result of the experiment indicated in Table 1 , a statistically significant difference was observed among seedling beds treated with neem leaf extract, dursban (48%), wood ash and the untreated beds for the number of seedlings at emergence. Initially, a relatively highest number of seedlings emerged on beds treated with dursban (1997892 seedlings ha -1
) and on the untreated beds (1998176 seedlings ha -1 ). In the contrary, lower number of seedlings was recorded on beds treated with wood ash and neem leaf extract (Table 1 ). The analysis of variance result indicated that all pepper seedling beds treated with dursban, neem leaf and wood ash had a significant number of seedling at emergence compared to the untreated nursery beds. The highest number of the seedling counts at 16 days after sowing were recorded on nursery beds treated with dursban (1658250 seedling ha ) were recorded on untreated nursery beds (control). The current result confirmed that dursban is also highly effective in the management of termites on hot pepper seedling beds beside its effectiveness on the management of wood destroying termites (Roll, 2007) . Several other authors also stated that botanicals like Calotropis procera, Ipomoea fistulosa, Maesa lanceolata, Croton macrostachyus, Tegetes minuta, Datura stramonium and Azadirachta indica were reportedly used for the management of termites throughout the world (Derbalah et al., 2012; Singha et al., 2013; Upadhyay, 2013) .
Number of healthy and damaged seedling during transplanting
Statistically, a significant difference was observed among seedling beds treated with dursban (48%), neem leaf extract, wood ash and the untreated beds (termiteinfested beds). Likewise, the highest number of seedlings count at transplanting were recorded at seedling beds treated with Dursban (1505490 seedling ha ) and the untreated seedling beds (829125 seedling ha -1 ) respectively (Table 2 ). In contrast, the highest rates of seedling death during transplanting seedling were recorded on untreated beds (control). The independent uses of wood ash on pepper seedling beds remain ineffective compared to the treatment of seedling beds with dursban and neem leaf extract as management option of sub-terrain termites. Hence, the result is in line with the finding of Abdurahaman (1990) who also stated that the use of some cultural control methods such as mound distraction, removal of the queen, flooding water into the mound, use of wood ash and hot pepper 
Prevention and infestation rate of termite on hot pepper
There was a difference in prevention and infestation rates of termite among differently treated seedling beds. Chemical spray with dursban was effective in the management of termite followed by seedling bed treatment with neem leaf extract. It had been observed that chemical treatment of seedling beds with dursban was relatively effective at preventing early deaths of pepper seedlings (39%) by termite compared to wood ash and the untreated seedling beds. Besides, the lowest rate of termite infestation was observed on beds that were treated with dursban 48% (61%) and Neem leaf extracts (75%). The treatment of seedling beds with neem leaf extract was reduced the expected seedling damage due to termite by 25%. Conversely, the lowest prevention and the higher rate of termite infestation were recorded on beds treated with wood ash and untreated beds ( Table 3 ). The trend of the graph also entailed that the prevention rate of termite management methods differed among neem leaf extract, dursban (48%) and wood ash with reference to the untreated beds (control). Though dursban and neem leaf extract were not the same at prevention of termite, the graph had shown an increasing trend of protection from seedling bed treatment with neem leaf extract to dursban (48%). Relatively, there was a decreasing trend in preventing rates of termite with independent use of wood Ash. Unlike neem leaf extract and dursban, the infestation rate of termite increased with the use of wood ashes and infested checks (Figure 2 ).
Cost-benefit analysis of management practices
The cost-benefit analysis result provides the necessary information about the economic feasibility of management practices and to reach possible recommendations. It was noticed that any management options with net benefits less than or equal to those options with lower cost were considered to be inferior (dominated). Accordingly, the highest net benefit was gained on management options with additional expenditures of 450 Birr. However, the expenditure that appeared to be more attractive was determined based on the result of the marginal rate of return. Thus, the maximum net benefit of 74020 Ethiopian Birr with the average marginal rate of return (42.64 Birr) was generated from application of neem leaf extract compared to the use of chemical spray with dursban (35 Birr). That means for every one Birr additional investment on using neem leaf extract for management of termite will result in 42.64 and 74020 Birr of return and net benefits (Table 4 ). In general, the higher net benefit was gained through application of neem leaf extract with minimum input difference. This indicated that farmers would be profitable if they apply Neem leaf extract as management options of termite on seedling beds of hot pepper throughout Tanqua Abergelle district and in other locations where termite is a serious constraint in production pepper.
CONCLUSION AND RECOMMENDATION
The result of the experiment indicated that dursban was effective in the management of termite in seedling beds of hot pepper followed by the use neem leaf extract compared to the treatment of beds with wood ash. The highest number healthy seedlings at 16 days after emergence and during transplanting were recorded in seedling beds treated with dursban followed by neem leaf extract treatment. Furthermore, the highest rate of prevention and the lower rate of termite infestation were also seen at beds treated with dursban with the exception of neem leaf extract. In contrast, the highest rate of return was generated with application of neem leaf extract followed by spraying of dursban. Therefore, the applications of neem leaf extract and dursban on seedlings beds of hot pepper are economically feasible, effective and advisable to farmers of Sheka Tekli and other locations with similar conditions to manage termite and maximize production of hot pepper.
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Scarcity of water is
INTRODUCTION
Irrigated agriculture is the primary user of diverted water globally, reaching a proportion that exceeds 70 to 80% of the total in the arid and semi-arid zones. It is therefore not surprising that irrigated agriculture is perceived in those areas as the primary source of water, especially in emergency drought situations. Currently, irrigated agriculture is caught between two perceptions that are contradictory; some perceive that agriculture is highly inefficient by growing 'water-guzzling crops' (Postel et al., 1996) , while others emphasize that irrigation is essential for the production of sufficient food in the future, given the anticipated increases in food demand due to world population growth and changes in diets (Dyson, 1999) . Globally, food production from irrigation represents more than 40% of the total and uses only about 17% of the land area devoted to food production (Fereres and Connor, 2004) .
Ethiopia is the second most populous country in subSaharan Africa and third on the continent with a population of about 100 million. Agriculture is the main stay of 80% of the Ethiopian people. Agriculture also accounts for 40% of the gross domestic product (GDP) of Ethiopia (IWMI, 2010) .
However, most Ethiopian farmers depend on low productivity rain-fed small holder agriculture, even though rainfall is very erratic, and drought occurs very frequently. In Ethiopia, almost all food crops come from rain-fed agriculture with the irrigation sub sector accounting for only about 3% (FAO, 2005) . This indicates that the water potential of the country is untouched, developing and utilizing efficiently this natural resource will rise the country to be food self sufficient within a short period of time.
Furrow irrigation water application system is the most popular surface irrigation, as it requires a smaller initial investment compared to other types of irrigation water application systems. This type of irrigation method is the most widely used in Ethiopia in almost all large and small irrigation schemes (FAO, 2002) . It usually causes excessive deep percolation at the upper part of the furrow, insufficient irrigation at the lower part and considerable runoff, resulting in low application efficiencies and distribution uniformities. Therefore, proper furrow irrigation practices have to be devised to minimize water application and irrigation costs and to save water at the same time maintaining higher crop yields.
Therefore, these field experiments were conducted to determine the effect of alternate, conventional and fixed furrow irrigation techniques on onion yield and crop water productivity and to determine the effect of deficit irrigation on onion yield and crop water productivity. Of these, the crop which was selected for this experiment was onion which is wildly grown in the study area. Because onion was a cash crop in the study area.
The objective of the study was to determine the effect of alternate, conventional and fixed furrow irrigation techniques on onion yield and crop water productivity, and to determine the effect of deficit irrigation on onion yield and crop water productivity.
MATERIALS AND METHODS
Description of the experimental site
This study was conducted at the research station of Mehoni Agricultural Research Centre (MehARC) in the Raya Valley, Northern Ethiopia, located 668 Km from the capital Addis Ababa and about 120 Km south of Mekelle, the capital city of Tigray regional state. Geographically, the experimental site is located at 12° 51'50'' North Latitude and 39° 68'08'' East Longitude with an altitude of 1578 m.a.s.l. The site receives a mean annual rainfall of 300 mm with an average minimum and maximum temperature of 18 and 32°C, respectively. The soil textural class of the experimental area is clay with pH of 7.1 to 8.1 (MehARC, 2015) .
Climatic characteristics
The average climatic data (Maximum and minimum temperature, relative humidity, wind speed, and sun shine hours) on monthly basis of the study area were collected from the near meteorological station. The potential evapotranspiration ETo was estimated using CROPWAT software version 8 (Tables 1 and 2 ).
Experimental treatments
The experiment included three furrow irrigation systems, that is, CFI (Conventional furrow irrigation), AFI (Alternate furrow irrigation) and FFI (Fixed furrow irrigation) and four deficit irrigation levels, viz., 40ETc, 55ETc ,70ETc, 85ETc and a control irrigation of 100%ETc making a total of fifteen treatments. The treatment combination was given in Table 3 . Control irrigation implies the amount of irrigation water applied in accordance with the computed crop water requirement with the aid of CROPWAT program. The treatments were replicated three times resulting in a total of 45 plots. Hence, the design was factorial experiment in randomized complete block (RCBD) design.
Statistical analysis
The collected data were analyzed using SAS 9.1 statistical software Mean separation was carried out using least significance difference (LSD) test at 5% probability level.
RESULTS AND DISCUSSION
Onion water and irrigation demand
The reference evapotraspiration (ETo) value of the site ranged between 3.9 mm/day in January to 4.8 mm/day *Corresponding author. E-mail: yemanemebrahtu653@yahoo.com. Table 3 . Treatment used in the experiment. 100%ET c  AF1  FF1  CF2  85%ETc  AF2  FF5  CF5  70%ETc  AF3  FF3  CF1  55%ETc  AF4  FF4  CF4  40%ETc  AF5  FF2  CF3 Where; AF1, AF2, AF3, AF4 and AF5 means irrigated at alternate furrow with 100, 85, 70, 55 and 40%Etc irrigation level respectively; FF1, FF2, FF3, FF4 and FF5 means irrigated at fixed furrow with 100, 85, 70, 55 and 40%Etc irrigation level respectively; CF1, CF2, CF3, CF4 and CF5 means irrigated at convectional furrow with 100, 85, 70, 55 and 40%Etc irrigation level respectively.
Irrigation level Furrow irrigation techniques
in March, with an average of 4.3 mm/day for the whole growth period. Based on this output, the seasonal irrigation requirement was found to be 362.45 mm (Table 3 ). This amount was needed for full irrigation level treatments. Accordingly, the 85, 70, 55, and 40% of irrigation level with the furrow irrigation techniques of CFI were applied 308. 1, 253.7, 199.4 and 145 mm, with AFI 210.8, 183.7, 156.6, 129.4 and 102.2 mm, and with FFI 210.8, 183.7, 156.6, 129 .4 and 102.2 mm, respectively. This amount of seasonal ETc for AFI and FFI and the effective rainfall with 29.65 mm added showed the three furrows which does not irrigate at that time due to the rainfall. Crop water requirement (ETc) values were low at the beginning of the growing season, increased gradually to attain a maximum during March and April and subsequently decreased (Table 8 ). This result indicates that, the maximum amount of water was applied around bulb formation of the onion. This was also confirmed by Boyhan and Granberry (2001) , that peak use of water generally occurs during the latter stages of bulb enlargement especially during periods of warm weather (Table 4) .
Onion response to deficit Irrigation
Plant height
Plant height of onion was highly significantly (P ≤ 0.01) affected by the main effects of furrow irrigation techniques and irrigation level, but not significantly (P < 0.05) affected by the interaction effects of the treatments. Irrigation system, in its main effect, increased plant height significantly (P < 0.01), Conventional furrow irrigation techniques result in 43.99 cm height followed by 42.26 cm AFI and 41.62 cm on FFI system. The irrigation levels were highly significantly different from each other in plant height at (P≤ 0.01). Significantly higher plant height of 46.68 cm was recorded for 100%ETc (full irrigation) of irrigation depth of water applied while 85, 70, and 50% irrigation water levels got 43.49 cm, 42.21 cm, and 40.99 cm plant heights respectively. 40%ETc of irrigation depth of water applied recorded the lowest plant height of 39.46 cm. Among the irrigation level between 70 and 55% there were no significances difference in plant height. Full irrigation level (100%) got 6.92 cm, which was greater than plant heights recorded in treatments that received 40%, irrigation level.
Plant height is a good indicator for determining the water stress. Sammis et al. (1988) reported that plant height could change at different level of water deficiency. Some authors emphasized that deficit irrigation shortens plant height (Otegui et al., 1995; Stone et al., 2001a; Pandey et al., 2000) .
This finding is in agreement with the result of Aklilu (2009) and Takele (2009) who reported that the plant height of pepper decreased with decreased irrigation levels and also increase with the irrigation level. Wien (1997) indicated that plant height had a linear correlation with the availability of soil moisture. The present result was also in agreement with the work of Al-Moshileh (2007) who reported that with increasing soil water supply, plant growth parameters (plant height) were significantly increased.
Number of leaf per plant
Furrow irrigation techniques were significantly different from each other in number of leaf per plant. Significantly, higher number of leaf per plant was recorded at 9.21 (100%) followed by 85, 70 and 55%, irrigation level with the value of 8. 89, 8.44, and 8.43 respectively. There were no significant difference between 70 and 55% of irrigation level. The lower number of leaf per plant was observed at 40% irrigation level with 7.82 leaves per plant.
The furrow irrigation techniques were significantly different from each other in number of leaf per plant. Significantly higher number of leaf per plant of 9.31 was recorded with convection furrow irrigation technique followed by 8.32 of AFI and 8.05 of FFI (Table 5 ). There were no significance difference between AFI and FFI of irrigation.
This result seems closely related to that of Biswas et al. (2003) , who reported that onion bulbs of irrigated treatments gave highest leaves number per plant than the non irrigated one, whereas onion grown without supplemental irrigation gave lower number of leaves. This indicated that when plants respond to water stress by closing their stomata to slow down water loss by transpiration, gas exchange within the leaf is limited, consequently, photosynthesis and growth was slow down (Currah and Proctor, 1990) . The obtained result was also in agreement with the findings of Wien (1997) who recorded that leaf number had a linear correlation with the availability of soil moisture.
Bulb diameter
The analysis of variance revealed that the interaction effect of furrow irrigation techniques and irrigation level showed no significant difference (P < 0.05) on bulb diameter, but furrow irrigation techniques and irrigation level indicated significant (P ≤ 0.05) differences (Table  5 ). The analysis of variance for the furrow irrigation techniques has shown that there was significant difference on bulb diameter due to irrigation systems. As shown in Table 5 , the furrow technique shows that the largest and lowest bulb diameter was recorded. 55 mm and 53.17 mm were observed for CFI and FFI respectively. However, the least bulb diameter (49.3mm) was recorded for fixed furrow irrigation. .
In this study, the irrigation level and largest onion bulbs (57.1 mm diameter) were recorded for 100%ETc (full irrigation) amount of irrigation water applied. On the other hand, the smallest bulb diameter (47.3 mm) was recorded from irrigation level treated with 40% irrigation depth. Bulb diameter was not significantly different between 85, 70 and 55% irrigation level. The result might be because of the reason that high irrigation levels increased photosynthetic area of the plant (height of plants and number of leaves), which increased the amount of assimilate partitioned to the bulbs and increased bulb diameter.
This result is closely related to that of Kumar et al. (2007a) who observed that irrigation at 1.20 Ep produced higher mean bulb size, which decreased with the decrease reduction of irrigation amount. In the same way, Al-Harbi (2002) and Biswas et al. (2003) indicated that bulb diameter of onions were increased at higher levels of irrigation. Similarly, Olalla et al. (2004) reported that plots which received the greatest volumes of water yielded harvests with higher percentages of large-size bulbs whereas water shortages led to higher percentages of small-size bulbs. This indicates that transpiration, photosynthesis and growth rates were lowered by water stress as stressed plant produces smaller sized bulbs (Table 5) .
Marketable bulb yield
Furrow irrigation techniques showed significant effect in interaction with irrigation level on bulb yield (P ≤ 0.05) ( Table 6 ). Conventional furrow irrigation system produced 15738 kg ha -1 bulb yield with CFI 40% of irrigation water applied, which increased to 26802 kg ha -1 with CFI 100% (full irrigation). Fixed furrow irrigation techniques produced bulb yield of 14.326 tons ha -1 with 40% which increased to 20.865 tons ha -1 100%, and alternate furrow irrigation system, on the other hand, produced bulb yield of 23.640 tons ha -1 with 100%, and 15.137 tons ha -1 with 40%. In this study, the bulb yield response to fixed furrow irrigation and alternate furrow irrigation was higher at 100% than at 85% of irrigation water applied. Yet, CFI showed significantly higher yield at 100% of irrigation level. It showed that conventional furrow irrigation system gave more yield with irrigation water amount of 100%, and CFI with 85% gave optimum yield followed by AFI with 100%.
Irrigation level, in its main effect, increased bulb yield significantly (P < 0.01), producing higher marketable bulb yield of onion 23.769 tons ha -1 with full irrigation (100%) and followed by 85, 70 ) while fixed furrow irrigation system gave the lowest bulb yield of 17.860 tons ha.
-1
Furthermore FFI and AFI all showed a substantial decrease in bulb yield (7.51 and 15.5%, respectively). Bakker et al. (1997) and Sepaskhah and Ghasemi (2008) , reported that small amount of applied water reduced yield in every other furrow irrigation (AFI and FFI) as compared to CFI due to water stress, when the same irrigation frequency was applied which supported the result of this research. At P ≤ 0.05; LSD= least significant difference; CV = Coefficient of variation. The present result agreed with the general principle that the response of crop to full irrigation is generally higher under irrigated conditions than none irrigated one (Michael, 1978) . The increment in marketable bulb yield due to application of irrigation water could be attributed to the increment in vegetative growth and increased production, which is associated with increment in leaf area index, bulb diameter and average bulb weight (Neeraja et al., 2007) .
Similarly, Shoke et al. (1998) and Shock et al. (2000) indicated that the bulb and dry matter production of onion is highly dependent on appropriate water supply. Similar results were also reported by Kloss et al. (2012) who showed that dealing with improvement of water productivity is closely related to the irrigation practice of regulated deficit irrigation and has a direct effect on yield that is, if the amount of water applied decreases intentionally the crop yield will drop (Table 6 ).
Unmarketable bulb yield
Significantly higher unmarketable onion bulb yield was recorded when fixed irrigation furrow technique was applied with 19.29 tons ha -1 and followed by alternative furrow irrigation techniques, while the lowest unmarketable bulb yield of 18.38 tons ha -1 were recorded when convection furrow irrigation system applied with the value of 17.43 tons ha - (Table 7 ). There was highly significance difference among irrigation level on unmarketable bulb yield at P ≤ 0.001. The highest unmarketable bulb yield 19.85 tons ha -1 was recorded on irrigation level of 40% and the lowest value 1663.69 kg ha -1 was observed in 100% of water applied. 100% irrigation level produced 16.2, 14.07 and 9.73% lower unmarketable bulb yield of 40, 55 and 70%, respectively. In the treatments of 40 and 55% of irrigation levels, there was no observed significant difference. Similarly, there was no significant effect on unmarketable bulb between irrigation levels of 85 and 70% (Table 7) .
The result revealed that, yield of very small bulbs increased with deficit irrigation. Stressed onion plants may bulb too early, produce small-sized bulbs and bulb splits and, thus, produce high amount of unmarketable yield (Kebede, 2003) . This could be due to low rate of transpiration caused by stomata closer under moisture stress condition which brought about reduced photosynthesis and poor bulb growth and developments.
Corresponding to this, de Santa Olalla et al. (1994) , de Santa Olalla et al. (2004) and Zayton (2007) reported that plots which received the lowest volumes of water during the development and ripening stages produced higher percentage of small size bulbs. From present result, increasing water deficit had a positive relationship with the production of high yield of under size bulbs.
Total bulb yield
Higher total onion bulb yield was recorded when convectional furrow irrigation system was applied that gave 22.899 tons ha -1 , and 21.404 tons ha -1 was recorded under alternative furrow irrigation system. The lowest total bulb yield of 19.790 tons ha -1 was recorded when fixed furrow irrigation system was applied (Table  7) .
Irrigation level as the main effect is shown in Table 6 The increment in onion total bulb yield might be attributed to large size of onion bulb due to application of high level of irrigation. This is because it encourages cell elongation, above ground vegetative growth and imparts dark green colour of leaves, which is important for more assimilate production and partition that favours onion bulb growth (Brady, 1985) .
The increased total bulb yield by applying full (no deficit) irrigation could have better performance on vegetative growth like plant height, number of leaves and leaf length which increase photosynthetic capacity of the plant, which in turn can improve bulb weight and contribute to increment in total bulb yield. As the irrigation level increased from 40% ETc to 100% ETc, the total bulb yield increased. This result was also in agreement with the findings of Ferreira and Carr, (2002) ( Table 7) .
Effects of irrigation level and furrow irrigation techniques on water use efficiency and crop water use efficiency
Irrigation level and furrow irrigation techniques had highly significant influence on water use efficiency of onion.
Crop water use efficiency (CWUE)
CWUE values with the furrow irrigation techniques ranged from 8.72 kg m -3 for convectional furrow irrigation while AFI and FFI had higher values of 11.76 kg m -3 and 10.8 kg m -3 respectively. The highest CWUE was recorded from alternate furrow irrigation system with value of 11.76 kg m.
-3 (Table 7) . Irrigation level, in its main effect, increased CWUE (P < 0.01) to a higher CWUE value of 13.44 with 40% whereas 55, 70, 85 and 100% ETc irrigation levels got 11.22 kg m, Sarkar et al. (2008) reported that irrigation water use efficiency was higher at lower levels of available soil moisture.
Irrigation water use efficiency
The analysis of variance showed that furrow irrigation techniques as main effect was influenced by irrigation water use efficiency. Generally, CWUE and IWUE are influenced by crop yield potential, irrigation method, estimation and measurement of ET, crop environment, and climatic characteristics of the region. The results related to the efficiencies showed that when irrigation water is limited, 55 and 40% deficit irrigation can be applied by increasing the water use efficiencies. Mansouri-Far et al. (2010) reported that irrigation water can be conserved and yields maintained (as sensitive crop to drought stress) under water limited conditions (Table 8) .
Conclusions
The most important result arisen from this investigation was that when less irrigation was applied, the conventional furrow irrigation techniques had the smallest bulb yield reduction. , and 6.1 kg m 3 were obtained for AFI, FFI, and CFI, respectively. Based on the results of this study, the following conclusions can be drawn:
(1) Onion bulb yield increased when irrigation level increased from 40% deficit irrigation to full application of 100%; (2) CFI with 100% gave the highest bulb yield as compared to fixed furrow irrigation techniques and AFI gives an equivalent bulb yield at 100% with AFI and with 85% CFI. But in terms of CWUE, AFI was much better than CFI. (3) In the study areas, water was a limiting factor, it was possible to get equivalent bulb yield and higher CWUE and IWUE when we applied 100% of irrigation level with AFI. (4) In areas under no limitation of irrigation water, yield of Bombay Red onion variety could be improved substantially by applying 100% irrigation amount with CFI.
In conclusion, AFI can allow saving a substantial amount of water and labour without highly reduction of onion yield in the study area. This also demonstrates that crop water use efficiency will be increased by using AFI which may result in substantial benefits, under limited water condition, labour saving and improved flexibility in farm irrigation management are also expected to be achieved using AFI. This result should be of significant value in this area to irrigate additional land. However, under scarce water condition, 100% irrigation level with alternative furrow irrigation can be practiced. .
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INTRODUCTION
Ethiopia is one of the largest cereal crop producers in Africa, and the second largest wheat producer in subSaharan Africa, following South Africa (GAIN, 2012) . Most wheat production in the country comes from small holder farmers. Wheat is primarily grown in the Southeast central and Northwest parts of the country. Small amount is produced in the rest of the North and South regions. At the national level currently 1,453,817 ha of land is covered by bread and durum wheat and over 25,376,39.8 tones are produced from this land annually (Crop Variety , 2010) . Nutritionally, the crop provides an excellent source of carbohydrates, proteins (20 to 25%), fates (20 to 25%), vitamins such as:-thiamine, niacin, pantothenic acid, riboflavin and folate and minerals such as iron, magnesium, zinc and phosphate . In addition to this, inclusion of wheat in the daily diet has several health benefits and can be used for different liver ailments, to help prevent cancer, tooth decay, skin problems such as eczema and psoriasis (www.organicauthority.com/benefits-of-wheatgrass.html). It is also claimed to reduce hair from greying, improves digestion, reduces high blood pressure as it enhances the capillaries, support the growth of lactobacilli and can remove heavy metals from the body (Meyerowitz, 1999) . It is found to improve hematological toxicity related to chemotherapy in breast cancer patients, it reduces the frequency and requirement of blood transfusions in thalassemia major (Singh et al., 2010; Arya and Kumar, 2011) .
Despite, the importance of wheat and its many useful characteristics, its production is low in Ethiopia. Its average yield for example is about 2.1 t ha -1 which is much lower than the potential yield of 5.0 t ha -1 (Hailu, 1991; MoA, 2012; . The low yields of wheat is partly attributed by biological and environmental factors, such as frequent occurrence of drought, declining of soil fertility, poor agronomic practice, limited and suboptimal use of production inputs, insufficient technology generation, lack of credit facilities, poor seed quality and weak supply, disease, insect, pests and weeds particularly, Striga (Spielman et al., 2011; MoA, 2012; . The most important constraint that threatens wheat production in Ethiopia is poor soil fertility (CSA, 2012) . Particularly, the deficiency of nitrogen (N) and phosphorus (P) is the main factor that severely reduces the growth and yield of most cereals including wheat. In order to alleviate the soil fertility problem in the area, the Bureau of Agriculture and Natural Resources of the Region has introduced chemical fertilizers particularly DAP (diammonium phosphate) and urea fertilizers in each district of the zone. However the fertilizer types and the rate which is being used by farmers are very limited and recommended in blanket basis throughout the region. Fertilizer is the most important agricultural input which contributes markedly towards final grain yield of wheat and to exploit the inherited potential of a cultivar. N is an essential component of deoxyribonucleic acid (DNA), ribonucleic acid (RNA), and proteins, the building blocks of life (Harrison, 2010) . All organisms require N to live and grow. Even though N is among the most abundant elements on earth, it is the critical limiting element for growth of most plants due to its unavailability (Graham and Vance, 2000) .
Several investigators (Khursheed and Mahammad, 2015; Solomon and Anjulo, 2017) reported a beneficial effect of N application on wheat. They reported that plant height, numbers of tillers, spike length, number of Yoseph et al. 115
spikelet's and grains per spike, grain and straw yields of wheat increased with increasing N to the optimum level. P has great importance in plant nutrition. It involves in the processes of energy transformations, genetic inheritance, protein synthesis and cell division. Moreover P enhances root development and strengthening of straw, affects flowering, fruiting, seed formation and crop maturation (Gebreslassie and Demoz, 2016) . Many researches reported the beneficial effect of P fertilization on growth and grain yield of cereal crops including wheat (Harfe, 2017) . Kaleem et al. (2009) has also shown that the application of P fertilizer to wheat crop has significantly increased the plant height, number of tillers plant -1
, straw and grain yield over the control treatment. So far, little information is available on the wheat growth and yield enhancing effects of N and P fertilization in Ethiopia in general and in Southern region in particular. Therefore, the present study was aimed to evaluate the effects of newly introduced and adopted chemical N and P fertilizers on wheat growth, yield and yield components.
MATERIALS AND METHODS
Site description
The field experiment was conducted in Hawassa University research field which is located at 273 km Southwest of the capital Addis Ababa in the South Nation Nationalities and People Regional State (SNNPR). The site is located at 7 0 4'N latitude and 38 0 31'E longitude and at an altitude of 1969 m.a.s.l. The soil type of the area is sandy loam with a pH of 7.9. The average annual rainfall of the area is 800 to 1100 mm, with the average annual maximum, minimum and mean temperature of 27, 12, and 20°C, respectively (Agro-Meteorology Department, Hawassa Agricultural Research Center).
Source of inputs, plant material, treatments, experimental design and procedures
Except treatment F2 (locally used Urea and DAP fertilizers) all fertilizers were imported and obtained from the Kingenta Fertilizer Company of China. These different fertilizers were known to enhance growth and yield performances of cereals including wheat in different provinces of China. A high yielding wheat variety Jonsen, which is adapted to the agro-ecology of the area, was used for the study. Seeds were obtained from the Hawassa Agricultural Research Centre, Hawassa, Ethiopia. The variety was chosen based on its high yield ability, acceptability by farmers and seed availability. The treatments consisted of seven N and P types (F1=Control, F2=Local recommended Urea 100 kg ha -1 and DAP 100 kg ha -1 , F3= Urea 100 kg ha -1 and Enhanced DAP 100 kg ha -1 , F4=Black Urea 103. 3 kg ha -1 and Enhanced DAP 100 kg ha -1 , F5=Enhanced Urea-1 100 kg ha -1 and Enhanced DAP 100 kg ha -1 , F6=Enhanced Urea-2 100 kg ha -1 and Enhanced DAP 100 kg ha (12 m 2 ) and the distance between adjacent plots and blocks kept at 1.0 m and 1.0 m apart, respectively. Seeds were sown by drilling using a row spacing of 20 cm. The experiment was laid out using a factorial randomized complete block design (RCBD) with three replicate plots. Weeding was done manually by hoe at two weeks after seedling emergence, and three weeks later. Finally, wheat plants were harvested from the three central rows to determine yield and yield components of wheat on 27 September, 2017.
Data collected
Plant height
This was measured at mid-head setting stage by measuring ten randomly selected plants from ground level to the top of the spike termination node and averaged for a single reading.
Root length
The same sample was taken and root length was measured through measuring tape and averaged for a single mean root length in each experimental unit.
Number of tiller per plant
Tiller number was counted by ten randomly selected plants and values averaged for a single reading.
Shoot dry weight per plant
This was measured at harvest by measuring ten randomly selected plants and averaged for a single reading.
Spike length
This was measured from ten randomly selected spikes at harvest from each plot through measuring tape.
1000-grains weight (g)
This was measured at harvest and weighed on top loading digital balance and its averaged was taken as 1000-grain weight.
Grain and biological yield
Grain and biological yield were recorded at three central rows harvested in each experimental unit. Subsequent sample was oven dried at 70°C for maximum 48 h to estimate dry matter yield.
Harvest index
This was calculated as a ratio of grain yield to total biological yield.
Statistical analysis
The obtained data were subjected to analysis of variance (ANOVA) using the General Linear Model (GLM) of the Statistical Analysis System (SAS, 2002) version 9.0. Mean separation was done using Least Significant Difference (LSD) test at 5% probability level. Plants grown in non-N and P amended soil served as control.
Soil sampling and analysis
Before planting soil samples were randomly taken from the experimental site at a depth of 30 cm using an auger and the samples were mixed thoroughly to produce one representative composite sample of 1 kg. The composite soil sample was air-dried and ground to pass 2 and 0.5 mm (for total N) sieves. Then the processed sample was analyzed following standard laboratory procedures as outlined by Sahlemedhin and Taye (2000) at Hawassa University College of Agriculture soil laboratory. Organic carbon (OC) and total N contents of the soil were determined following the wet combustion method of Walkley and Black, and wet digestion procedure of Kjeldahl method, respectively. The available P content of the soil was determined following Olsen method. Soil texture was analyzed by Bouyoucos hydrometer method. The cations exchange capacity (CEC) of the soil was determined following the 1N ammonium acetate (pH 7) method. The pH (1:2.5 solid: liquid ratio) of the soils was measured in water using pH meter with glass-calomel combination electrode.
RESULTS AND DISCUSSION
Soil physico-chemical properties
The results of pre-planting soil analysis revealed that, the experimental soil is sandy loam in texture (38.0% sand, 24.0% silt and 38.0% clay). Soil texture is a fundamental soil property which in practice the farmer can do little to modify. It is also closely related to the water-holding capacity of soils, since loams and clays hold more water than sandy soils (Brady, 2002) . Thus, the experimental soil has good water holding capacity, which creates a suitable growing media for cereal crops. Wheat is characteristically grown on such soils which holds sufficient amount of residual soil moisture. The soil was slightly acidic in reaction with the pH (H 2 O 1:2.5) value of 6.4, which is within the range of optimum soil pH for cereal production including wheat (Havlin et al., 1999) . The total N, available P, OC and CEC of the soil before planting were 0.15%, 7.6 mg kg (Table 1 ). According to Havlin et al. (1999) soils are classified depending on their total N content in percentage (%), as very low (<0.1), low (0.1 to 0.15), medium (0.15 to 0.25), and high (>0.25). Thus, the soil of the study site has low total N content. Olsen et al. (1954) classified available P content of the range <5 as very low, 5 to 15 as low, 15 to 25 as medium and >25 mg kg -1 as high. According to Landon (1991) the soil organic carbon content ranges from 1 to 2, 2 to 4, and 4 to 6% are rated as low, medium and high, respectively. Thus, the OC content of the soil is considered as low before planting. The CEC ranges from 5 to 15, 15 to 25 and 25 to 40 cmol kg -1 are rated as low, medium and high, respectively. Based on these ratings, the cation exchange capacity (24.3 cmol kg -1 ) before planting of the experimental field was in the medium range.
Generally the soil analysis result indicated that, the soil is nutrient deficient to support the potential crop production. This may be associated with poor farm management practices and continuous cropping with little or no fertilizers input which resulted in a decline in soil fertility. It may be because of this that growth, yield and yield components of wheat responded to supplied N and P fertilizers in the present experiment.
Plant height
Different types of N and P fertilizer had highly significant effects on the plant height ( Table 2 ). The highest mean plant height was obtained from plots supplied with treatment F7 (compound fertilizer) (46.3 cm) which was significantly different from the other treatments, except F6 (Table 3 ). The lowest plant height (34.8 cm) was recorded from the treatment F1 (control), which was significantly inferior to all other treatments. Plant height increment of 87.5% was obtained from F7 as compared to the F2 (locally used urea and DAP) fertilizers. The reasons for the increased plant height under different N fertilizer types could be due to the increased vegetative growth with applied N. In line with this, Razaq et al. (2017) obtained increased plant height of wheat fertilized with N. Similarly, Abera (2013) reported that applied N at different rates resulted in increased vegetative growth period of maize that increases photosynthetic assimilate production and its partitioning to stems that might have favorable impacts on heights of maize. On the other hands, increase in plant height due to application of P might be attributed to more availability of nutrients due to increased levels of P, which exerted beneficial effect on vegetative growth of plant. Increase in plant height with supplied N and P levels has also been observed by Khan et al. (2014) . This may be due to increased root growth, which strengthened the stem against lodging during prolonged vegetative growth. Furthermore, Khalil et al. (1988) and Umeri et al. (2016) reported that marked increase in plant height of maize due to combined application of NP fertilizers.
Root length plant -1
Statistical analysis of data revealed significant effects of different N and P fertilizer types on root length plant -1 (Table 2) . Maximum mean root length plant -1 was obtained from the F6 (11.9 cm) and it was significantly different from all other treatments except treatment F7 which in turn was not significantly different from treatments F2, F4 and F5 (Table 3 ). The lowest root length plant -1 (6.3) was recorded from F1 (control). All other N and P fertilizer treatments increased root length plant -1 to a variable extent over the control, indicating that the need of N and P sources for better root growth in nutrient deficient soils. The increased root growth beneficially increases the potential soil water and nutrient reservoirs of the growing crops (Gajri et al., 1989) . Studies in wheat have reported that applications of N fertilize, typically increase water use efficiency in both irrigated (Hussain and Al-Jaloud, 1995) and rain-fed systems (Belford et al., 1987) . P also plays an important role in lateral root morphology and root branching and influences not only root development, but also the availability of N nutrients (Lopez-Bucio et al., 2003; Jin et al., 2005) . Similar to these results Razaq et al. (2017) reported an increased root growth due to supplied N and P fertilizers.
Number of tillers plant -1
Analysis of variance on tiller number plant -1 revealed the existence of highly significant difference among the combined application of N and P fertilizers (Table 2) . Maximum mean number of tillers plant -1 was obtained from the treatment F6 and it was significantly at par with treatments F3 and F4 (Table 3 ). The lowest tiller number per plant (5.1) was recorded from the control treatment. This study is supported by Tabar (2013) where application of N and P fertilizers found to favor tillering in rice. Wakene et al. (2014) also reported an increased number of fertile tillers, total biomass and straw yield of barley due to addition of P.
Shoot dry weight plant -1
Plant growth measured as shoot dry matter was significantly (P<0.001) affected by combined application of N and P fertilizers ( Table 2 ). The highest (11.1 g plant -1 ) shoot dry matter was recorded from treatment F6, but statistically parity between this treatment and treatments F7, F4 and F5 (Table 3) . However, the lowest shoot dry weight (8.2 g) was recorded from treatment F1 (control). This is in agreement with the findings of Elgharably (2011) who stated an increased shoot dry matter of wheat due to individual and combined application of N and P in a saline sandy loam soil.
Spike length plant -1
Application of different types of N and P fertilizers significantly increased spike length (Table 4 ). The highest spike length (14.5 cm) was recorded from the application of treatment F6 (Enhanced Urea-2 100 kg ha ). However, statistically significant variation in spike length was not detected between this treatment and treatment F7 (Table 5) . However, these treatments were significantly higher over the control. These results are similar with the findings of Kaleem et al. (2009) who reported maximum NP fertilizer utilization recorded the highest yield effects due to maximum accumulation of photosynthates. The length of spikelets per spike plays a paramount role towards the grain per spike and final yield of wheat crop (Shahzad et al., 2007) .
1000-grains weight
The data given in Table-4 showed that there were highly significant (P<0.01) variations in fertilized and nonfertilized treatments for 1000-grain weight. Maximum 1000 grain weight (55.7 g) was obtained from plots treated with enhanced urea and DAP at 100-100 kg ha -1 . However, the minimum (30.7 g) 1000-grain weight was obtained from the treatment where NP was not supplied (Table 5 ). All the other treatments fall in between these treatments. The relatively heavier seed weight in N and P treated plots was obtained possibly due to increased assimilates production and photosynthesis efficiency at the grain filling stage of the plant because of improved plant mineral nutrition. Furthermore, it may be due to greater contribution of N and P by producing healthy grains which have well filled and bigger grains than the Khan et al. (2014) who reported improved seed weight due to combined application of NP fertilizers on maize.
Grain yield
The fertilizer treatments significantly affected the grain yield of wheat (Table 4 ). The yield was highest in the F6 treatment, followed by treatments F5, F7, F3 and F2, respectively. In the F1 (control), the yields of wheat was significantly lower than those other treatments. On the other hands, it was visually observed that wheat plants in the control plots were very thin with small spike size, short and light in color. Whereas, plants in the N and P fertilized plots had thick and strong stems, green in color, large spike size. The increased grain yield due to applied N and P might be attributed to low nutrient contents of study site (Table 1) . Thus, the availability of these nutrients enables the plant to develop more extensive root system to extract water and nutrients, from more depth. This could enhance the plants to produce more assimilates, which was reflected in higher biomass (Gobarah et al., 2006) . Furthermore, the increases in yield due to P fertilizer may be attributed to the activation of metabolic process, where its role in building phospholipids and nucleic acid is known (Gentili and Huss-Danell, 2003) . This result is in agreement with the findings of Bereket et al. (2014) who reported that application of N and P fertilizers increase grain yield of wheat. These results do not agree with the findings of Kulhare et al. (1991) who studied NP doses effect on late sown wheat crop and reported that application of NP, does not increased wheat yield.
Biological yield
Application of different types of N and P fertilizer had highly significant effects on the biological yield of wheat (Table 4) . Highest biological yield of (5.81 t. ha -1
) was obtained from treatment F6 but was not statistically different than the treatments F4 and F5 (Table 5 ). The lowest biological yield (2.67 t ha -1 ) was recorded from the control, which was significantly inferior to all other treatments. Greater plant height, yield and yield components might have contributed to the differences observed in biological yield among the different types of N and P application. These results are in confirmation with the findings of Islam and Baten (1987) and Patel et al. (1991) who recorded maximum biological yield by the application of optimum N and P fertilizer rates when compared to the treatments receiving no N and P fertilizers.
Harvest index
Harvest index was influenced significantly by different N and P fertilizers treatments (Table 4 ). The highest harvest index (0.63) was recorded in F6 and it was at par with all the treatments except the control. The lowest harvest index (0.34) was recorded from the control treatment (Table 5 ). The physiological ability of a crop plant to convert proportion of dry matter into economic yield is measured in terms of harvest index. The results indicated that adequate supply of N and P fertilizers in combination enhanced dry matter partitioning in favor of grain showing a greater harvest index. This is illustrated by the lower harvest indices observed under the treatments that received no N and P treatments. These results corroborate the findings of Mesfin and Zemach (2015) , who reported similar results.
Conclusion
In this study it was found that, the combined application of N and P fertilizers had significant effect on growth, yield and yield components of wheat. Among the treatments studied, Enhanced Urea-2 and enhanced DAP 100 kg ha -1 , respectively gave greater grain yield. Furthermore, this treatment enhanced growth and yield related parameters compared to the control treatment. Thus, it is possible to recommend the combined application of Enhanced Urea-2 and Enhanced DAP at the rate of 100 kg ha-1 each to attain greater grain yield of wheat in the study area. However, it is advisable to undertake further research across soil type, years and locations to draw sound recommendation on a wider scale.
